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P rofessor Marit Otterlei and colleagues at the Department
of Cancer Research and Molecular Medicine, Norwegian
University of Science and Technology (NTNU) have

identified a new therapeutic intervention point with high relevance
for the treatment of Non-Muscle Invasive Bladder Cancers. 

NMIBC are cancers where the tumours are confined to the
bladder mucosa, without penetrating the surrounding muscle
layer. About 70% of the patients diagnosed with bladder cancer
have NMIBC; these are usually treated by transurethral resection
to remove all visible cancerous tissue, followed by postoperative
intravesical instillation of chemotherapy and/or immunotherapy.1

An important challenge in the treatment of NMIBC patients is the
risk of recurrence, reaching 61-78% after one and five years
respectively, in high-risk patients.2,3 Consequently, all patients
need to be closely monitored by periodical cystoscopy
examinations creating both a burden for patients and high costs
for the healthcare systems; thus, there is an urgent need for
improvement of NMIBC management.

During studies in DNA repair, Otterlei and colleagues discovered
that direct repair of methylated DNA by the human AlkB homolog
2 was coupled to replication.4 Many of the proteins coupled to
replication directly interact with the replication organizer protein
Proliferating Cell Nuclear Antigen (PCNA) via a sequence known
as the PIP-box.5 They found that AlkB homolog 2 interacted with
PCNA via a previously unidentified interacting motif that they
termed APIM (AlkB PCNA Interacting Motif).6 PCNA is an essential

cellular protein. It is required for the organisation of DNA
replication, chromatin remodelling/epigenetics and DNA repair,7,8

and is implicated in regulation of apoptosis.9,10

APIM is found in more than 200 proteins, and interestingly, the
majority of these proteins are involved in cellular stress responses.
Peptides containing APIM (APIM-peptides) bind to PCNA and
increase the efficacy of more than 25 different chemotherapeutics
as well as gamma-irradiation, likely by competitive inhibition of
interaction between stress defense proteins containing APIM and
PCNA. Thus, APIM-peptides impair the cells’ defence system
against stress, enabling the use of lower doses of drugs to achieve
the same efficacy or by enhancing the therapeutic effects of the
applied doses (Fig. 1). Based on this approach, engineered cell
penetrating APIM-peptides are currently being developed for use in
the treatment of NMIBC by NTNU’s spinoff company APIM
Therapeutics AS (http://www.apimtherapeutics.com/).

PCNA controls key ‘housekeeping’ processes by interacting with a
set of cellular proteins via the PIP-Box (Fig. 1, Panel A, left). Upon
cellular stress such as DNA damage, PCNA is post-translationally
modified (PTMs) and interacts with APIM-containing proteins
(Fig. 1, Panel A, right). Upon targeting PCNA with peptides
containing the APIM sequence (APIM-peptide, such as ATX-101),
APIM-containing proteins are prohibited from PCNA interaction
(Fig. 1, Panel B). This impairs cellular homeostasis and renders
cancer cells hypersensitive to death by multiple chemotherapeutic
drugs. This has a strong potential for the development of novel
combinatorial treatments.

Attacking bladder cancer
Turning off the stress defence system in bladder cancer cells during

chemotherapy provides a promising new therapeutic approach as scientists at

the Norwegian University of Science and Technology have discovered

Fig. 1 Mechanism of action of APIM-peptides
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Mitomycin C (MMC) which alkylates and cross-links DNA, is the
most commonly used chemotherapeutic for NMIBC treatment.3,11

Interstrand crosslinks (ICLs) introduced by MMC are highly
cytotoxic DNA lesions that involve both DNA strands and result in
arrest of both replication and transcription in cells. APIM-peptides
interfere with repair mechanisms repairing ICLs and are thus good
candidates to increase the cytotoxic effects of of ICL-inducing
drugs such as MMC, cisplatin and melphalan.6,10

APIM-peptides inhibit DNA repair 6,12 and induce apoptosis in
many different cancer cells.10 The apoptosis inducing activity is
divided into an immediate (in less than 2 hours) cleavage of
caspases 3/7, 8 and 9, as well as later responses based upon
impaired DNA repair and deregulation of signal transduction
pathways important in regulation of proliferation and apoptosis10

(and unpublished results). Multiple myeloma and bladder cancer
cells are particularly sensitive to APIM-peptides; other cancer cells
and normal cells are not sensitive.10  This differential sensitivity of
cells to APIM-peptide is most likely dependent on the affinity of
the APIM-PCNA binding in these cells. This affinity is regulated by
multiple factors dependent on the cellular stress levels, including
post-translational modifications of PCNA.6,7 On the contrary, the
other known PCNA interacting sequence, the PIP-box, is found in
most of the proteins essential for replication and the PIP-box has
strong affinity for PCNA under normal conditions (Fig. 1). This is
likely why PIP-box peptides are found to be cytotoxic to cells also
in absence of cellular stress.13

Exploiting this cancer-specific mechanism of action, ATX-101, the
prototype APIM-containing peptide has shown strong  in vivo
anticancer efficacy in five animal cancer models; three xenograft
mice models (prostate, multiple myeloma and acute myeloid
leukemia) and two orthotopic bladder cancer models in immune
competent rats (AY-27 and BBN). In all of these models, they
detected no toxicity of the peptide, in strong support of in vitro
results suggesting low activity in normal cells and a high
therapeutic index in cancer tissues.

Future development plans include execution of a battery of safety
pharmacology tests with ATX-101 as required by regulatory
authorities prior to clinical phase entry. Originally to be tested in
NMIBC patients of intermediate risk in a phase I/IIa trial, ATX-101
may deliver clinical proof-of-concept within the next two to three
years. If proven successful, this programme may hold promise for

the development of a new therapeutic approach that could
benefit NMIBC patients. 
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